It is not known whether ascending fractional pulse pressure (PPf) is related to large artery function. This study was to evaluate whether PPf is associated with large artery function by augmentation index. A total of 190 subjects were enrolled (age range: 50 to 78 years) who had normal contractions, no local asynergy, and no history of myocardial infarction. The ascending aortic pressure was measured using a fluid-filled system. To quantify the relative magnitude of the pulsatile to mean artery pressure, we normalised the pulse pressure to the mean pressure and referred to this value as PPf and the association between the PPf and the augmentation
Introduction
Previous investigators demonstrated that ascending aortic pressure waveform was divided by augmentation index, and augmentation index was related to the impedance spectral pattern. [1] [2] [3] Augmentation index is closely related to reflection in the arterial system and large artery function. Although augmentation index is an attractive tool to understand the arterial system, the analysis augmentation index is occasionally invalid using the fluid-filled recording system. A high fidelity pressure transducer enables us to analyse augmentation index in all subjects, but it is expensive and intricate.
To quantify the relative magnitude of the pulsatile to mean artery pressure, we normalised the pulse pressure to the mean pressure and referred to this value as the fractional pulse pressure (PPf). [4] [5] [6] [7] The measurement of ascending PPf is easy and cheap using the fluid-filled recording system. We hypothesised that although PPf is intimately associated with aortic input impedance, PPf would be related to large artery function. The purpose of this investi-gation is to examine the relationship between ascending PPf and large arterial function defined by augmentation index. The association between augmentation index and PPf was strongly significant. This result revealed that ascending PPf is closely related to large artery function.
Materials and methods

Study subjects
We enrolled 1021 patients ranging in age from 50 to 78 years between January 1990 and March 1999 in whom cardiac catheterisations were done for the first time at the Ishikiriseiki Hospital, Osaka, Japan. They were eligible for entry into the study when they had normal contractions, no local asynergy shown by left ventriculography, and no history of myocardial infarction to fix approximately cardiac function. Therefore, 831 were excluded from this study because of acute myocardial infarction, the presence of local asynergy shown by left ventriculography, chronic renal failure, severe valvular disease, post cardiac surgery, cardiomyopathy, atrial fibrillation, post pacemaker implantation, sick sinus syndrome or aortic dissection. As a result, the study group consisted of 190 patients who were diagnosed as having stable angina pectoris, silent myocardial ischaemia, chest pain syndrome or vasospastic Journal of Human Hypertension angina. Medical therapy included Ca-blocker (n = 124), beta-blocker (n = 34), nitrate (n = 125) and angiotensin-converting enzyme (ACE) inhibitor (n = 73).
The protocol was in accordance with Institutional Guidelines for Human Research, and each individual provided a written statement of informed consent for diagnostic and therapeutic procedures required for examination, which stated that the results of the examination could be used for the study.
Measurement of haemodynamic variables
The patients were tranquilised with diazepam (5 mg, i.m.) before haemodynamic measurements were made with the patient in the supine position after coronary angiography and ventriculography. Aortic pressure was measured over a cardiac cycle using a fluid-filled system (5F pig-tail catheter) in the ascending aorta at end-expiration during a short episode of breath holding. A hard copy was made of the pressure tracing using a chart recorder (Nihon Koden, Surgical Monitoring System, Tokyo) at a paper speed of 100 mm/sec. We compared tracings of systolic, diastolic, mean and pulse pressures in patients.
Ascending aortic pressure at inflection point dividing into an early and late systolic phase was used as inflection pressure [1] [2] [3] (Figure 1 ). The ascending aortic pressure waveform was divided into three subgroups (A, B and C) according to classification by Murgo et al. [1] [2] [3] Augmentation index was characterised as the ratio of inflection pressure to pulse pressure in subgroup A and B, and as the ratio of minus inflection pressure to pulse pressure in subgroup C. Pulsatility was characterised as the ratio of pulse pressure to mean pressure, ie, the PPF of the artery.
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Figure 1 Schematic representation of augmentation index and inflection time of ascending aortic artery in a representative case. Augmentation index is the ratio of inflection pressure to pulse pressure. Illustrated are the waveforms of ascending aortic pressure in the case of type A (the right panel) and in type B (the left panel). Although heart rates are similar in the two cases, inflection points are much earlier in type A than in type B. As a result, augmentation index was by far larger in type A than in type B.
Statistical analysis
A P value of less than 0.05 was considered statistically significant. Categoric variables were compared using the chi-squared test. One-way ANOVA with Bonferroni's correction for pairwise comparisons were used to test differences between mean values of continuous variables. Potential associations among the variables influencing augmentation index were first tested by univariate methods (Student's or chi-squared tests). The Least-Significant Difference multiple-comparison test was used to detect significant differences of parameters among the variables influencing large artery function. Statistical analyses were performed using the SPSS 9.0 software package (SPSS, Chicago, IL, USA).
Results
Baseline clinical characteristics
Illustrated in Figure 1 are the waveforms of ascending aortic pressure in the case of type A (the right panel) and in type B (the left panel). Although heart rates are similar in the two cases, inflection points are much earlier in type A than in type B. As a result, augmentation index was far larger in type A than in type B.
To examine the association between augmentation index and PPf, all patients were classified into three groups of augmentation index levels. [1] [2] [3] The baseline clinical characteristics of the study group are summarised in Table 1 . Although the presence of type 2 diabetes, hypercholesterolaemia, medication of Cablockers, beta-blockers, ACE inhibitors or nitrates, body mass index, and the smoking status were similar in the three groups, the distribution of gender and the presence of hypertension and mean age were significantly different in all groups. There were no significant differences in heart rate and ejection fraction among the three groups. Although diastolic pressure was not different, diastolic, mean and pulse pressure and PPf were significantly different in the three groups.
Univariate analysis of the variables influencing augmentation index
Augmentation index showed significant associations with PPf, age and systolic, pulse, and mean pressure. PPf was significant in relation to age and systolic, diastolic, mean, pulse pressure. Age was significantly associated with systolic, diastolic and pulse pressure. Systolic pressure showed significant associations with diastolic, mean and pulse pressure. Diastolic pressure was significant related to mean pressure. Mean pressure showed significant associations with pulse pressure (Table 2) . AI = ⌬ augmentation (⌬P)/pulse pressure (PP); PPf = pulse pressure (PP)/mean aortic blood pressure (MBP); SBP = systolic blood pressure; DBP = diastolic blood pressure; MBP = mean blood pressure; BMI = body mass index. *P Ͻ 0.05, **PϽ 0.01. covariates, for the purpose of comparing the relative magnitude of effect associated with each. PPf had independent associations with age, mean aortic pressure, heart rate and type 2 diabetes in this model.
Multivariate analysis for fractional pulse pressure
Discussion
Augmentation index showed significant associations with PPf by univariate analysis. PPf has independent association with age, mean aortic pressure, heart rate and type 2 diabetes by multivariate analysis. Ascending aortic PPf was concerned with large artery function.
Index to quantify ascending aortic pressure waveform
Although ascending aortic input impedance would most clearly manifest large arterial function and reflection in the arterial system, [8] [9] [10] the fact that the estimation of impedance necessitates high fidelity measurements of instantaneous ascending aortic flow and pressure makes it impractical in clinical settings. Augmentation index is closely related to reflection in the arterial system and large artery function. Although augmentation index is an attractive tool to understand the arterial system, the analysis augmentation index is occasionally invalid using the fluid-filled recording system. A high fidelity pressure transducer is needed to analyse augmentation index in all subjects. Therefore, we used the ratio of pulse pressure to mean pressure (PPf), to quantify pulsatility instead of ascending aortic input impedance and augmentation index in this investigation. PPf could be measured by the fluid-filled recording system in all subjects and the association between augmentation index and PPf was strongly significant. The ascending PPf is closely related to large artery function.
Clinical implications of measuring the ascending fractional pulse pressure
An ascending aortic pressure waveform is the result of an interaction between the heart and the arterial system. The pulsatility of the ascending aortic pressure waveform correctly reflected the aortic input impedance in similar cardiac functions. 4, 8 Therefore, the pulsatility of the ascending aortic pressure waveform would reveal the large artery function. Since large artery function is composed of compliance, characteristic impedance and resistance, the pulsatility of the ascending aortic pressure waveform would enable us to choose the best drugs for patients with hypertension and angina pectoris.
The effects of aortic pressure waveform on the occurrence of restenosis have previously not been reported. Therefore, we reported that ascending PPf could predict restenosis after PTCA. 4 This analysis is particularly important because new procedures such as directional coronary atherectomy, stenting, or rotablation can be used instead of conventional PTCA. Since the measurement of aortic artery pressure by a flow directed catheter is a routine procedure on diagnostic coronary angiography, use of morphologic analysis of the aortic pressure waveform for detecting patients at increased risk for restenosis is an extremely attractive clinical tool.
The risk factors for coronary heart disease (CHD) remain a challenge in clinical settings. Many patients with CHD have high absolute, high relative pulse pressure and higher diastolic pressure. In contrast, although some patients with CHD have low absolute pulse pressures and lower diastolic pressure, they have high relative pulse pressure to diastolic pressure. CHD of the former would be correctly diagnosed by absolute and relative pulse pressure. CHD of the latter would be misdiagnosed by absolute pulse pressure, but CHD would be correctly diagnosed by relative pulse pressure. Therefore, this analysis is particularly important not only to the understanding and prevention of CHD, but also to the understanding of the arterial system. The pulsatility of the aortic pressure waveform is an attractive tool to understand arterial input impedance.
Limitations
There are several limitations of this study. First, we analysed a limited number of patients. To generalise the results of this study, studies involving a large number of patients are essential.
Second, we used a fluid-filled system to record the ascending aortic pressure. The use of a high-fidelity pressure transducer would increase the accuracy of the recorded pressure waveform.
Third, we used ejection fraction to standardise cardiac function. Since ejection fraction is affected by preload, afterload, humoral factors, and neurological reflexes, more accurate indexes should be useful.
Fourth, we could not use PPf estimated by means of noninvasive methods instead of ascending aortic input impedance. As most of the patients with pulmonary hypertension have pulmonary regurgitation and this has little influence on PPf, PPf noninvasively calculated by pulmonary regurgitation enables us to apply pulmonary input impedance. 5 In contrast, most of our patients do not have aortic regurgitation and aortic regurgitation greatly affects PPf. Therefore, PPf noninvasively measured by aortic regurgitations would not be applicable to ascending aortic input impedance.
